In this study we focused on the chemical composition, antioxidant, anti-inflammatory and antibacterial properties of methanol and water extracts of fruits of six species grown in south-west Poland: blackberry, blackcurrant, chokeberry, cherry, gooseberry and raspberry. No general correlation could be drawn between extract chemical properties (i.e. antioxidant and free radical scavenging) and observed biological effects. However, blackcurrant and blackberry extracts (both methanol and water) appeared to be good antioxidants and free radical scavengers, as well as effective inhibitors of E. coli adhesion to the uroepithelial cells. On the other hand, the poorest antioxidants and free radical scavengers, cherry and gooseberry extracts, also poorly affected bacterial growth, swimming ability and adhesion to epithelial cells. Surprisingly, gooseberry extracts, which showed generally weak effects, appeared to be the most effective inhibitor of bacterial biofilm formation. Additionally, most of the studied extracts showed reasonably strong anti-inflammatory properties.
The consumption of phenolic phytochemicals is known to provide humans with different beneficial health effects [1] . For this reason plant extracts or juices are often recommended as diet components (or supplements) aimed to protect against such health threatening factors as oxidation, carcinogenesis, microbial infections and inflammation [2, 3] . The chemical structure of plant phenolics varies from simple molecules (possessing single ring structure) to polyphenols that might contain 12-16 phenolic groups. Among this variety of structures anthocyanins and tannins (ellagitannins and proanthocyanidins) are found in large amounts in different berries [4, 5] . The most widely used and best studied representatives of berries are presumably cranberries, whose products (extracts or juice) are commonly recognized as agents preventing bacterial infections of the urinary tract [6] . Despite this common usage of cranberries, it is worth noticing that reasonable amounts of phenolic compounds can also be found in many other fruits and vegetables [7] . However, many plants commonly consumed in different countries have not been thoroughly characterized in this respect. This has prompted us to focus on extracts from fruits of chosen plants, whose fruits are grown in south-west Poland, and to characterize their basic properties as antioxidants, antiinflammatory and putative antibacterial agents. In this preliminary study we have determined the anthocyanin content of fruit extracts of eight species of Rosaceae and two of Grossulariacae (gooseberry, blackcurrant). In the preliminary analysis of six of them:
raspberries, cherries, gooseberries, chokeberries, blackcurrants and blackberries, we found reasonable anthocyanin amounts and, therefore, their methanol and water extracts were chosen for study. Some of these fruits (like chokeberry) have already been claimed as a putative remedy for oxidative stress [8] , but most of them, especially their antibacterial properties, have not been studied until now.
Total phenolic and anthocyanins content of extract:
The total phenolic and anthocyanin contents of the studied extracts are presented in Table 1 . The highest level of total phenolics, as well as anthocyanins, was found in water and methanol extracts of blackberry fruits, while gooseberry extracts contained the lowest amounts of total phenolics (WE) and anthocyanins (ME and WE).
Comparison of the results obtained from each of the two preparations also showed that the efficacy of extraction generally does not depend on the type of solvent (methanol or water). In both extraction methods the total amount of phenolics and anthocyanins was higher for some fruits in water extracts and for others in methanol extracts. In most cases, however, the same pattern of efficacy was found for both total phenolics and anthocyanins.
The main anthocyanin and ellagotannin and/or phenolic acid components of the studied extracts were characterized using HPLC; the results are summarized in Table 2 . Generally, the extracts obtained from different fruits differed in composition, but cyanidin-3-rutinoside was present in four of the six studied extracts. In most cases methanol and water extracts of certain fruit showed almost identical composition (with a minimal variability in the percentage contribution of individual components). In the case of blackcurrant, ellagotannins and phenolic acids were not detected in the studied extracts, while in the case of gooseberry the presence of these substances was recorded, but we were unable to identify the components. scavenging activity was smaller than that of blackberry, raspberry and gooseberry (only in the DPPH assay) extracts. Cherry extracts appeared to be the weakest antioxidants. The strongest free-radical scavenging properties were recorded for blackberry methanol and water extracts (as shown by both DPPH and ABTS tests).
Inhibition of soybean lipoxygenase (SLOX-1) inhibition by ME and WE:
The ability of the studied fruit extracts to inhibit the activity of soybean lipoxygenase (SLOX-1) are presented in Table  4 . Since these experiments are treated as a simple test for antiinflammatory properties of the studied extracts, their activity is compared with that of Ibuprofen. As can be seen in Table 4 , most of the extracts reached a level of activity comparable with that of Ibuprofen, but when the latter was used at a 100-times smaller concentration. The highest level of SLOX-1 inhibition was found for the water cherry extract, which was almost two times bigger than the activity of any other studied herein extracts. Generally the weakest effects were recorded for gooseberry; a low level of inhibition was also found for blackcurrant WE and blackberry ME. Despite the fact that the control substance, Ibuprofen, was used at 100-times smaller concentration, it can be concluded that most of the studied extracts presented reasonable SLOX-1 inhibitory activity and, therefore, their anti-inflammatory properties can be considered as additional health-benefit effects. Results are presented as average ± SD from three to four independent measurements.
The effect of ME and WE on the survival of bacterial cells:
The antibacterial activities of the methanol and water extracts of the studied fruits were evaluated and the results are presented in Table 5 . Each of the tested ME and WE inhibited the growth of the uropathogenic E. coli strain compared with the control, but with different efficiencies.
Concentrations below 10 mg/mL of ME and WE of all the studied fruits had no apparent effect on the survival of the bacteria (data not shown). In all cases, the values of CFU/mL were comparable with the control. At higher concentrations the most effective bacterial growth inhibitors were methanol and water extracts of blackberry and blackcurrant. These extracts, used at concentrations exceeding 60 mg/mL, completely reduced E. coli growth. On the other hand, both raspberry extracts, in concentrations ranging from 20 to 60 mg/mL, significantly reduced the number of bacterial cells observed after 24 hours of incubation. At higher concentrations of these extracts, the number of bacterial cells in the culture decreased to undetectable levels. A similar effect on the survival of E. coli rods was shown by gooseberry ME. Values of CFU/mL at concentrations from 20 to 50 mg/mL were gradually decreased, while for higher concentrations the number of bacterial cultures was reduced to an undetectable level. Water gooseberry extract showed a slightly weaker action, because even at a concentration of 80 mg/mL, it did not kill all bacteria. The least active extracts were cherry and chokeberry ME and WE. After 24 hours of incubation, at a concentration of 80 mg/mL, approximately 10 4 -10 5 bacteria per mL were observed.
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Natural Product Communications Vol. 10 (3) 2015 469 The effect of ME and WE on swimming motility: The changes in the average motility zone diameters of E. coli after incubation of the cells with blackcurrant, chokeberry, blackberry, raspberry, cherry, and gooseberry ME and WE are shown in Table 6 (as % of control). The methanol extract of raspberry in concentrations ranging from 5 to 20 mg/mL reduced the swimming motility zone diameters of E. coli after 24 hours of incubation, while in the case of the water extract no such effect was found; observed zones for all used concentrations corresponded to the control. Reduction in the E. coli rods swimming motility, although weaker than that observed for the raspberry WE, was recorded for ME and WE of blackberry, blackcurrant, cherry and gooseberry. The average motility zone diameters of the bacteria after incubation with various concentrations of these extracts were either slightly lower or comparable with the control. However, the methanol and water extracts of chokeberry caused an increase in E. coli swimming motility. As seen in Table 4 , the motility zone diameters in this case were higher than those observed in the control for almost all of the studied concentrations.
The effect of ME and WE on the hydrophobicity of bacterial cells:
None of the tested plant extracts affected the hydrophobic properties of the surface of the bacterial cells. The aggregation of E. coli rods, which had previously been incubated for 24 hours in the presence of methanol and water extracts of the test fruits, at all tested concentrations (20 -70 mg/mL), was the same as in the control.
The effect of ME and WE on the ability to produce curli and P fimbriae:
We also noted that the ability of E. coli rods to produce curli and P fimbriae was not altered by incubation of this bacterium with any of the tested plant extracts. 
The effect of ME and WE on adhesion of bacteria to human uroepithelial cells:
In the current study we found that all the tested extracts, both water and methanol, caused the reduction of bacterial adhesion to human uroepithelial cells when compared with the control. These effects were concentration-dependent (data not shown) but, as can be seen in Table 7 , even at the lowest concentrations at which the adhesion reduction was recorded, the individual extracts showed different in vitro anti-adhesion activities.
The greatest decrease in adherence was noted after treating the bacteria with blackcurrant, chokeberry and blackberry (both methanol and water) extracts. All these extracts were able to reduce bacterial adhesion to epithelial cells by approximately 50%. The effects of other extracts were weaker and in the vast majority of cases the adhesion was reduced by less than 10%. The exception was cherry water extract which was able to reduce the adhesion to about 35%. This higher activity of water extract of cherry (when compared with the methanol extract) was observed for all studied concentrations. For the other extracts (both more and less effective in the reduction of adhesion) the effects of water and methanol preparations were comparable.
The effect of WE and ME on biofilm formation:
The effects exerted by methanol and water fruit extracts on biofilm formation are presented in Table 8 . In the control samples the amount of biofilm mass was time-dependent. The OD values ranged from 0.004 (±0.001) to 0.012 (±0.002), so biofilm generally oscillated between weak and medium. Among the studied fruit extracts, gooseberry was the most active inhibitor of biofilm formation. The statistical analysis showed that the methanol and water extracts of gooseberry significantly (p < 0.05) reduced the biomass of E. coli biofilms (ODs ≤ 0.003). Cherry water extract showed activity comparable with that of gooseberry; the OD values were smaller than 0.003. Like in the control the anti-biofilm effect of the cherry ME was generally time-dependent. The biofilm formation was significantly inhibited after 1, 4, 5, 6, 7, 8, and 10 days of bacterial incubation in the presence of cherry ME (p < 0.05). The water extracts of raspberry and chokeberry were more effective than their methanol extracts. Both water extracts showed similar timedependent inhibition. The water extract of raspberry significantly reduced the biomass of attached cells in 1-, 3-, 4-, 5-, 6-, 7-, 8-, and 10-day biofilms (p < 0.05). Likewise, the water extract of chokeberry caused reduction of biofilm after 2, 3, 4, 5, 6, 7, 9 and 10 days of bacterial incubation. The methanol extracts of raspberry and chokeberry showed a slight inhibitory effect. The reduction of biofilm biomass after 4, 5, and 6 days of treatment with raspberry and 5, 6, 8, 9 and 10 days of treatment with chokeberry was noticed.
In the present study we have determined the phenolic and anthocyanin content, antioxidant activity and potential antiinflammatory properties of the studied plant fruit extracts on the one hand and assessed the effects exerted by these extracts on E. coli on the other hand. Comparing the results of chemical analysis it is hard to point to any strict correlation between the composition of the extracts and their antioxidant activities. Despite this, one can notice that blackcurrant and blackberry extracts were at the top of both (phenolic content and antioxidant activity) tables. The same two extracts were the most effective inhibitors of E. coli growth and moderate reducers of the bacteria swimming motility. These extracts also effectively reduced the adhesion of bacteria to human uroepithelial cells. Relatively high antibacterial activity of blackcurrant extracts might seem to be controversial since Rauha et al. [9] found that the extract of this plant showed no antimicrobial effects against E. coli. It is worth noticing however, that this group analyzed extracts prepared from dried whole plants. In the biofilm growth experiments the most effective growth inhibitors were methanol and water gooseberry extracts. Also, in this case, it is hard to point to any correlation between the results of chemical analysis and antibiofilm formation. To recapitulate, of the described effects that we found with the fruit extracts, their antibacterial properties are presumably related to their chemical properties while their ability to inhibit the growth of bacterial biofilm does not follow this correlation. This result is not surprising because previously we found a similar lack of dependence with the cranberry extract [10] . Despite this, we can conclude that at least some of the studied extracts possess promising antibacterial (blackcurrant and blackberry) and biofilm inhibitory (gooseberry) properties, which make them good candidates for diet supplements aimed to reduce the risk of urinary tract infections. Some of them, especially cherry extracts, also present promising anti-inflammatory properties.
Experimental
General: Chemicals used in extract preparation and analysis, as well as antioxidant properties, were purchased from Sigma-Aldrich Corp. (Poznań, Polska), including SLOX-1 (EC 1.13.11.12), which was used as purchased. Manufacturers of other chemicals are specified in the following sections. 
Preparation of extracts:
The preparation of the extracts was as previously described by Sroka et al. [11] . In brief, the fruits, after harvesting, were frozen and then freeze-dried (ChRIST ALPhA 1-4 LSC). Just before extraction, they were disintegrated with an analytical mill (A11 basic of IKA-Werke, Germany). The commuted lyophilizate (50.00 ± 0.01g) was extracted twice with 80% aqueous methanol (analytical grade) containing HCl (0.1%) -(1350 mL total), keeping it twice for 15 min under sonication (Senorex Digital 10P of Bandeli, Germany) at 25 o C and 60% power, and in a fridge at 4 o C for 24 h. After filtering, 20% of the filtrate was taken and the methanol removed in a vacuum evaporator (40 o C); the residue was dried at 40 o C on a water bath and by using a hair dryer until the dry extract (ME) was obtained. From the rest of the methanol-water extract (80%) the methanol was removed under reduced pressure, mixed with water at 45 o C and left in the fridge for 24 h at 4 o C. The water was evaporated with a vacuum evaporator and dried to obtain the extract (WE).
Determination of total phenolic and anthocyanidin contents, and identification of the extract components:
Total polyphenols were determined by the Folin-Ciocalteu method according to Gao et al. [12] . The results were calculated as mg of gallic acid equivalents per g dry mass of extract (mg GAE/g of d.m.). All determinations were performed in duplicate. Measurements were made using a Shimadzu UV-2401 UV-VIS spectrophotometer. Anthocyanins were determined by the HPLC method of Kucharska [13] . Analytical HPLC was performed using a Dionex (USA) system equipped with a diode array detector (Ultimate 3000), a quaternary pump (LPG-3400A), autosampler (EWPS-3000SI), thermostated column compartment (TCC-3000SD) and controlled by Chromeleon v.6.8 software. Separation was achieved on an Atlantic T3 (250 mm x 4.6 i.d., 5 μm) column (Waters, Ireland), and Atlantis T3 (20 mm x 4.6 i.d, 5 μm) guard column (Waters, Ireland). The mobile phases were: A (4.5% formic acid) and B (acetonitrile). The applied elution conditions were: 0-1 min 5% B isocratic; 1-6, min linear gradient from 5% to 10% B; 6-26 min, linear gradient 10-20% B; 26-33 min, linear gradient from 20% to 100% B; and then again the initial conditions. The flow rate was 1 mL/min, and the injection volume was 20 μL. The column was operated at 30C. The compounds were monitored at 520 nm (anthocyanins), 354 nm (ellagitannins), and 320 nm (phenolic acids). The anthocyanin contents were calculated as mg of cyanidin-O-glucoside equivalents in 1 g dry mass of extract (mg C3G/g of d.m.). All determinations were performed in duplicate (n=4).
Preparation of liposomes and induction of lipid peroxidation:
The procedure used was that of Gabrielska et al. [14] . A thin film of egg yolk phosphatidylcholine (Lipid Products, UK) was formed at the bottom of a round flask (50 mL) by removing chloroform in a rotary evaporator under vacuum. The film was hydrated in a buffer solution (20 mM Tris-HCl, 125 mM KCl, pH=7.4) and vortexed to obtain a milky suspension of multilamellar vesicles. The preparations were sonicated for 5 min using a 20 kHz sonicator (VCX-130, Sonics, USA). The final concentration of lipids in the suspension was 1.5 mg/mL. Lipid peroxidation in liposomes was induced by UVC radiation for 0.5 h using a bactericidal lamp (λ = 253.7 nm) of 3.5 mWcm -2 intensity as measured by an UVX radiometer with a sensor (UVP Inc., USA). The lipid peroxidation level in the liposomes was measured as thiobarbituric acid reactive substance (TBARS), based on the method of Buege and Aust [15] . TBARS concentrations were estimated using the molar extinction coefficient ε = 156 mM -1 cm -1 . The percentage of phosphatidylocholine liposome oxidation inhibition was calculated using the formula:
where: C A and C 0 -are the concentrations of malondialdehyde in a sample after 30 min exposure to UV radiation (or time zero i.e. before radiation) with an antioxidant or without antioxidant added (control), respectively. The antioxidant activity of the extracts tested was expressed by the parameters: IC 50 in mg of extract per 1 mL of sample (mg/mL) and TEAC in μM of Trolox equivalents per 1 g dried mass of extract (μM TE/g of d.m.). All determinations were performed in 3 independent preparations (n=6) using Cary 300 Bio Varian spectrophotometer.
Free-radical scavenging assay:
Free-radical scavenging activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH • , Sigma, Poznań, Poland) was measured spectrophotometrically according to the method described by Brand-Williams et al. [16] . Also, free-radical scavenging activity of cation-radicals (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS+•, Sigma, Poznań, Poland) assay was conducted according to the method of Re et al. [17] . The results of this study were expressed as μM Trolox equivalents per g dried mass of extract (mM TE/g of d.m.) by reference to a standard curve. All determinations were performed in triplicate. Measurements were made using a Shimadzu UV-2401 UV-VIS spectrophotometer.
In vitro evaluation of soybean lipoxygenase (SLOX-1) inhibition:
Fruit extract were tested on inhibition of soybean lipoxygenase (SLOX-1, Sigma, Poznań) activity on the basis of the procedure described by Axelrod et al. [18] , with modification. Water (WE) and methanol (ME) extracts of blackcurrent, chokeberry, blackberry, raspberry, cherries and gooseberries at a concentration of 75 μg/mL were used in experiments. For comparative purposes the non-steroidal anti-inflammatory agent Ibuprofen (used at a concentration of 0.75 μg/mL) was also tested. Reactions were carried out in 10 mm path-length quartz cuvettes containing, in a final volume of 2.6 mL, borate buffer pH 9.0, 1-SLOX (0.1 mg/mL), the extracts tested, and 50 μM linoleic acid (previously prepared in borate buffer, pH 9.0, plus 1% Tween 20 and 0.1 M NaOH). The incubation was for 3 min at room temperature. Reference cuvettes (of 2.6 mL volume) contained sodium linoleate 472 Natural Product Communications Vol. 10 (3) 2015
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borate buffer and an appropriate volume of solvent extract tested (substrate solution). Inhibition of SLOX-1 activity was assessed through spectrophotometric monitoring of absorbance increase at 234 nm (at 1, 2 and 3 min. after linoleic acid addition) due to formation of conjugated diene hydroperoxides during enzymatic oxidative processes [19, 20] . All measurements are an average ± SD of at least two sets of independent experiments. Percentage inhibitory effect was calculated using the following formula:
where: ΔA control and ΔA sample denote the increase of absorbance after 3 min from substrate addition to the probe without or with the test extract, respectively.
Bacterial strain and growth conditions:
A clinical strain of Escherichia coli, freshly isolated from the urine of patient hospitalized in the Academic Hospital in Wrocław, was chosen. A stock culture was kept under refrigeration (4 o C) on a nutrient agar plate. Before each experiment the strain was transferred to tryptic soy agar, and incubated at 37 o C for 18 h. Then bacterial cells were incubated in tryptic soy broth with varying concentrations (1, 5, 10, 20, 30, 40, 50, 60, 65, 70, 75 , and 80 mg/mL) of methanol (ME) and water (WE) extracts of raspberry, cherry, chokeberry, gooseberry, blackberry, blackcurrant and rose for 24 h at 37 o C. Control cultures contained no plant extracts.
Antimicrobial activity: Antibacterial activities of the plant ME and WE were determined by the standard dilution method. After incubation with different concentrations of plant ME and WE the bacterial cells were centrifuged (4000 rpm for 20 min), washed 3 times in phosphate buffered saline (PBS), diluted and cultured on nutrient agar plates for 18 h at 37 o C. The effect of tested extracts on bacterial growth was evaluated on the basis of the number of colony forming units (CFU).
Swimming and swarming motility:
Swimming and swarming motilities were evaluated using soft-agar plates [21, 22] . Bacterial cells were incubated in tryptic soy broth with or without (control) varying concentrations of tested plant ME and WE for 24 h at 37 o C, and washed 3 times in PBS. In this part of the experiments, we used only some concentrations of the plant extracts, so that the number of bacteria in the suspensions after incubation in the presence of various plant extract, correspond to the number of cells which do not have contact with the extracts. For the swimming assays, motility plates (1% tryptone, 0.25% NaCl, and 0.3% agar) were dried overnight at room temperature before use. Swimming plates were inoculated with 10 µL of E. coli cultures using a sterile automatic pipette tip. Swarming motility was estimated in 0.5% agar LB plates supplemented with 0.5% glucose and bacterial culture was spotted onto the surface of a plate. Swimming and swarming plates were incubated at 37°C for 18 h and the motility halos were measured for 3 independent cultures for each tested extract.
Hydrophobicity of bacterial cells:
Measurement of bacterial cell hydrophobicity was performed by the salt aggregation hydrophobicity test, as previously described [23, 24] . Bacterial cells were incubated in tryptic soy broth with varying concentrations of ME and WE for 24 h at 37 o C, washed 3 times in PBS and diluted to 3.0 x 10 9 bacteria per mL. Ammonium sulfate solutions were prepared in phosphate buffered saline (2 mM, pH 7.2) with the following concentrations 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 3.2. Twenty µL of bacterial suspensions were mixed with equal volumes of (NH 4 ) 2 SO 4 solutions on a clean glass slide. Then the mixtures were stirred by a gentle rocking of the glass for 5 min and the appearance of visible agglutination was recorded. In this assay, bacteria with higher surface hydrophobicity agglutinated at lower concentrations of salt, so they were classified as: <0.2 M -very strong hydrophobic, 0.4/1.0 M -strong hydrophobic, 1.2/1.6 Mhydrophobic, >1.8 M -hydrophilic [25] .
The ability to produce curli and P fimbriae: Production of curli fimbriae was estimated by bacterial growth on CFA agar supplemented with Congo red dye as described by Rosser et al. [26] . In this method, after incubation with different concentrations of plant ME and WE the bacterial cells were centrifuged (4000 rpm for 20 min), washed 3 times in PBS, and 10 µL of suspension was cultured on CFA agar plates for 18 h at 37 o C. Expressed curli fimbriae E. coli colonies are able to bind Congo red dye so demonstrate a red color in contrast to white colonies of strains which do not produce curli fimbriae. Control cultures contained no plant extract. P fimbriae expression was detected by the hemagglutination of 3% human erythrocytes (blood group 0) in the presence and absence of 3% w/v D-mannose (mannose-resistant hemagglutination) [27] . Bacteria growing on TSA were inoculated into 5 mL of TSB and incubated at 37°C for 48 h. Then, 10 µL of bacterial culture was twice cultured in 5 mL of fresh TSB for 48 h at 37 o C. Subsequently, bacterial cells were incubated in tryptic soy broth with varying concentrations of either ME and WE or without extracts (control) for 24 h at 37 o C, centrifuged (4000 rpm for 20 min), and washed 3 times in PBS. Hemagglutination was performed in round-bottomed microtitration plates where 100 µL of bacterial suspensions was mixed with equal volumes of erythrocytes and with or without Dmannose solution. The plates were rotated for 5 min at 4°C. Hemagglutination was considered to be mannose-resistant when it occurred in the presence and absence of mannose.
Adhesion of bacteria to human uroepithelial cells:
Human uroepithelial cells were collected from the sediment of fresh urine obtained from healthy women. The cells were washed 3 times with PBS and quantitated by direct light microscopy using a Bürker chamber. Equal volumes of epithelial cells (10 5 cells per mL) and plant extract-treated bacterial suspensions (10 8 cells per mL) were mixed and incubated at 37 o C for 1 h. Unattached bacteria were removed from the suspension by centrifugation (3 washes with PBS). The final pellets were dried on glass slides and stained with May-Grünwald and methylene blue. The number of attached bacteria was calculated on 40 separate cells by direct light microscopy and adherence was determined as the mean number of bacteria attached per cell ± standard deviation (SD). Control values were determined using epithelial cells mixed with non-extract treated bacteria. Based on the values, % of adhesion was calculated using the following formula:
Biofilm formation assay: The biofilm formation assay was performed according to O'Toole and Kolter [28] , with slight modifications. The strains were grown overnight in tryptic soy broth medium at 37°C, and the cultures were diluted (1:100) in PBS. Twenty µL of diluted culture was transferred to the wells of a 96well polystyrene plate containing 200 µL of the appropriate concentration of fruit extract. After incubation for 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 days at 37°C the wells were rinsed thoroughly with PBS Biological activity of anthocyanin-rich fruit extracts Natural Product Communications Vol. 10 (3) 2015 473
in order to remove non-adherent bacteria. Bacterial cells bound to the walls of the wells were stained with 1% (w/v) crystal violet (Sigma-Aldrich, Poznań, Poland) for 15 min. Excess stain was removed by washing with PBS. Afterwards, the crystal violet was solubilized by the addition of 95% (v/v) ethanol and absorbance at 495 nm was measured (ANALCO-GBG STAT-FAX 2100). Each strain was assayed in 7 wells on each plate and the whole experiment was repeated 3 times. In each plate 4 wells were used as blanks containing MHB medium. On the basis of ODs of bacterial biofilms, E. coli strains were divided into 4 categories [29] . The cutoff OD (ODc) was defined as 4 standard deviations (SD) above the mean OD of the negative control. Strains were classified as follows: OD ≤ ODc no biofilm producer; ODc < OD ≤ 2 x ODc weak biofilm producer; 2 x ODc < OD ≤ 4 x ODc moderate biofilm producer; 4 x ODc < OD strong biofilm producer. In our study the ODc value was 0.003. The selection of appropriate concentrations of fruits extracts was based on the survival of planktonic bacterial cells untreated (control) and treated with fruit extract for 24 h. The selected concentrations of extracts did not inhibit the growth of bacteria.
Statistical analysis:
The results of biofilm experiments are given, as a mean value, of 3 independent experiments. All OD values were expressed as a mean ± SD. The differences in biofilm formation by bacteria exposed to fruit extracts and unexposed were analyzed by a parametric t-test for independent samples. P values < 0.05 were considered to be statistically significant. The data of antioxidant properties and bio-compounds content were compared using Duncan's multiple range test and analyzed by one-way analysis of variance (p < 0.05; ANOVA). Statistica 9.0 was used for all the statistical calculations.
